Beefmaster, Brahman, Brangus, and Santa Gertrudis field data records were used to determine genetic and environmental parameter estimates using a multiple-trait, pseudoexpectation approach. Adjusted birth weight, 205d weight, and postweaning gain records were analyzed for each b r d Also, Brangus weaning sheath and navel scores were both analyzed using a single-trait, pseudo-expectation method to determine genetic parameter estimates. Additive birth weight heritability (h2& estimates ranged from .22 to .37 and maternal birth weight heritability (h2d estimates ranged from .12 to .55. Estimates for 205d weight h2A for the four breeds varied from .21 to .25, and 205-d weight h2M estimates ranged from .15 to 21. Postweaning gain h2A estimates ranged from .16 to .56. The genetic correlation between direct and maternal portions of birth weight was negative for all breeds. This was also true for the genetic correlation between direct and maternal portions of 205-d weight, except in Brahman cattle, for which it was .15. The genetic correlation between additive portions of birth weight and 205d weight was large and positive in all breeds. A moderately positive correlation between 205d weight and postweaning gain was found for all breeds except Santa Gertrudis, whereas the environmental correlation between these two traits was a small to moderately negative estimate in all breeds. Brangus weaning sheath and navel score heritabilities indicated that genetic change for the size and shape of the sheath and navel area is possible.
States. These cattle are heat-and diseaseresistant and have become fixtures in the U.S. beef cattle industry. Genetic and environmental parameter estimates must be obtained for the development of sound breeding programs and National Cattle Evaluation (NCE) programs for these breeds.
Limited information is currently available on genetic and environmental parameter estimates for breeds of Brahman and Brahmanderivative cattle. Aaron et al. (1987) reported heritability and genetic correlation estimates for birth weight and weaning weight using a large herd of Santa Gertrudis cattle and found parameter estimates comparable to those of Bos tuurus breeds of cattle. Also, Bertrand and Benyshek (1987) analyzed Brangus birth and weaning weight records and found parameter estimates near the upper end of field data estimates.
An important breed characteristic of Brahman and Brahmanderivative cattle is the shape and size of the navel or sheath area. It is undesirable to have too little or too much skin in these areas; excess skin poses possible reproductive and health problems, and insufficient skin represents a lack of breed character. There are few studies in the literature that address this problem or attempt to determine the genetic makeup of these traits.
Therefore, this study was conducted to determine 1) heritability and genetic and environmental correlation estimates for birth weight, weaning weight, and postweaning gain traits for Beefmaster, Brahman, Brangus, and Santa Gertrudis cattle using breed field data information and 2) heritability estimates for Brangus weaning sheath and navel scores.
Materlals and Methods
Data Description. All information used in subsequent multiple-trait variancecovariance analyses came from NCE data pools. Breeds analyzed were Beefmaster, Brahman, Brangus, and Santa Gertrudis. Adjusted birth weight (BTHW), 205-d weight (Ww), and adjusted 365-d weight (YWT) traits were provided in each data set along with birthdate of the calf, weaning and yearling weigh dates, herd, sex, calf management information, and pedigree information. Each breed used Beef Improvement Federation (BIF) Guideline (1986) equations and age of dam correctiop factors to adjust birth weight and weaning weight records. Yearling weight records were also adjusted using the suggested 365d weight equation. Adjusted postweaning gain (GAIN) was computed by subtracting WW from YWT. Weaning contemporary groups (WCG) were defied as herd, sex, weaning management code (creep vs no creep), and weaning weigh date for each breed. Adjusted postweaning gain contemporary groups were subsets of WCG and also included yearling management code and yearling weigh date. These definitions were the same as those used in each breed's NCE analyses. Birth weight records were assigned to the animals' WCG defiition.
This was done to simplify the variance component analyses because it was assumed that both traits analyzed were either defined by the same contemporary group or the second trait was a subset of the first trait. For each breed analyzed in this study, there were many more weaning weight records available for analysis than birth weight records. Thus, by assigning the birth weight record to the WCG definition, all weaning weight records were used in the multiple-trait model variance component procedures.
Subsets of the data were formed consisting of BTHW and WW, BTHW and GAIN, or WW and GAIN information for each breed. These data sets were then used in multiple-trait variancecovariance analyses to estimate vatiance and covariance parameters for each breed separately. In addition to the above information, the International Brangus Breeders Association (IBBA) provided weaning sheath and navel scores. Sheath and navel scores were obtained by certified IBBA inspectors at weaning age. These scores ranged from 1 to 5, with a score leather. The prepucial opening is held at a 45' angle to the body wall.
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of 2 being optimum. Table 1 describes the type of sheath or navel that fits each score as defined by the IBBA. Although the scores are considered subjective, they are partially objective because they measure how far the sheath or navel is from the underline of the animal. Bulls and heifers were analyzed separately. Weaning contemporary groups were formed in the manner previously defined. The data sets were analyzed using a single-trait variance covariance analysis to estimate variance and covariance parameters for each trait.
Heritabilities and Correlations. Variance and covariances were estimated using multiple-trait models and equating quadratics composed of mixed-model solutions and righthand sides to their pseudo-expectations. This procedure is a multiple-trait extension of singletrait methods proposed by Schaeffer (1986) and the multiple-trait sire model given by Bertrand and Kriese (1990) . Models employed were either a sire-maternal grandsire (MGS) for both traits or a sire-MGS model for the first trait and a sire model for the second trait. An important note is that the environmental covariance between the two traits was considered nonzero. The sire-MGS models were as follows:
where y1 and y2 were vectors of progeny records for the first trait and second trait, respectively; c1 and c2 were fied contemporary group effects for the two traits; and SI and s2, msl and ms2, and el and e2 were sire, maternal grandsire, and random residual effects, respectively, for the two traits. The X and Z matrices were the incidence matrices of 1's and 0's relating their specific effect back to the progeny vector. All sires and maternal grandsires were represented in both solution vectors across both traits regardless of whether they had a progeny or grandprogeny for that trait. This method required that the contemporary groups be absorbed into the random effects. In matrix notation, the multiple-trait equations after absorption were as follows:
Bertrand and Kriese (1990) described a procedure for absorbing contemporary groups in cases involving two traits, in which there are no missing records for the first trait, there may be missing records for the second trait, and the contemporary groups for the second trait are subsets of the contemporary groups for the first trait. The procedure involves absorbing the contemporary groups separately for each trait, multiplying the absorbed matrices and vectors by the proper values h m the inverse residual variance-covariance matrix, and then combining the appropriate matrices and vectors. The hierarchical contemporary group structure between the two traits allows easier absorption of these effects in multiple-trait models in which the residual covariance between the traits is not zero, as was the case in the analyses presented in this study. For the analyses that contained only a sire effect for the second trait, the model was similar except that the maternal grandsire effect was eliminated for the second trait. Pseudoexpectations of quadratic forms and expectations of variances and covariances for each model were described by Kriese et al. (1991) . The dataset composed of WW and BTHW progeny m r d s was analyzed using a sire-MGS model for both traits. The two datasets of WW and GAIN and BTHW and GAIN were analyzed using a sire-MGS model for the first trait and a sire model for the second trait. Different models were employed to aid in convergence of variance component solutions. It has been our expenence with these multiple-trait models that if a trait is not maternally influenced, it becomes very difficult to estimate the various covariances associated with the model and the solutions will not converge and most probably will diverge.
The expectations for the variance and covariance components using a sire-MGS model for both traits were:
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For the models that contained only a sire effect for the second trait, the expectations were similar except that terms containing ms2 and M2 were eliminated and resulted in the following changes in the residual expectations:
Brangus sheath and navel scores were analyzed using a singlstrait pseudo-expectation method (Schaeffer, 1986 ) and a sire-MGS model. The model was as follows:
where y was a vector of observed weaning sheath or navel scores and c, s, ms, and e were vectors of fixed contemporary group effects and random sire, maternal grandsire, and residual error effects, respectively. X, Z1, and Z , were incidence matrices of 1's and 0's corresponding to their specific effect.
The expectations for the variance and covariance components under this model were as follows:
Results and Discussion
Growth Traits. The number of progeny records, Contemporary groups, sires, and MGS from each breed's analysis are presented in Table 2 . There was a large range of progeny records available for analyses of the different breeds. Tables 3 and 4 contain variance and covariance components and heritability and genetic correlation estimates for each breed. The variance and covariance components found in these tables were estimated using the outlined expectation equations. For each breed, three two-trait analyses were conducted. There were many more 205-d weight records reported than birth weight or postweaning gain records in each breed. In all four analyses involving birth weight and postweaning gain, there were relatively few post weaning gain records compared with the number of postweaning gain records involved in the analysis with 205d weight. There was a possibility that the sample of data for the birth weight postweaning gain analyses did not adequately represent the populations. However, except for the Beefmaster BTHW-GAIN dataset, heritabilities from the analyses of BTHW-GAIN, BTHW-WW, and WW-GAIN datasets were within .07 across a trait for each dataset. In most cases, the heritability estimates were within .01. Therefore, except for the Beefmaster BTHW-GAIN analysis, the variance component estimates for BTHW, WW, and GAIN were averaged across the three two-trait analyses for each breed, because the heritabilities were similar across the datasets. In the Beefmaster BTHW-GAIN analysis, there were only 327 GAIN records available for analysis, and the additive gain variance was not taken into consideration when reporting results for this paper. The variance and covariance components are provided for completeness, but the discussion will revolve around the heritability and correlation estimates. For each breed, heritability estimates were lower than estimates summarized by Woldehawariat et al. (1977) for BTHW, WW, and GAIN. This was not unexpected, because field data estimates are generally lower than heritability estimates from designed studies. Birth weight additive heritability (h2d, and maternal heritability (h2h;, estimates of .28 and .12 for the Brangus breed were similar to those reported by Bertrand and Benyshek (1987) . Additionally, the h2A estimate (34) for Santa Gertrudis BTHW was similar to the heritability reported by Aaron et al. (1987) using King Ranch records. Brahman BTHW estimates of comparable in magnitude to Brangus and Santa ~ertrudis estimates. However, the h2A estimate (.22) for Beefmaster BTHW was lower in magnitude, and the h2M estimate (.55) was much larger in magnitude than those of other Brahman and Brahman-derivative breeds in this study. This could be a function of the relatively small number of Beefmaster BTHW progeny records. All estimates of both additive and maternal heritabilities for BTHW in Brahman and Brahman-derivative cattle suggest that birth weight can be changed by selection in these breeds if desired. The genetic correlation between the additive and maternal portions of BW (rBM) was negative in all breeds. The magnitude of rgM was large in all .37 and .18 for h2A and h2M, reSpeCtiVely, were , Simmental cattle (Burfening et al., 1981; Garrick et al., 1989) . and Hereford cattle (Kriese et al., 1991) .
estimates in Brangus cattle were very similar to estimates reported by Bertrand and Benyshek (1987) . However, the h2A estimate of .25 for Santa Gertrudis WW was lower than that reported by Aaron et al. (1987) . Brahman and Beefmaster h2A and h2M estimates were similar in magnitude to Brangus and Santa Gertrudis estimates. These additive and maternal heritabilities suggest that genetic progress can be made for increased weaning weights in Brahman and Brahmanderivative cattle. The genetic correlation between weaning weight direct and weaning weight maternal ( r m ) was negative and moderate in magnitude in Brangus and Santa Gertrudis cattle. Moderate, negative r m correlations were also found in the literature for Brangus and Simmental cattle Garrick et al., 1989; Kriese et al., 1991 (Woldehawariat et al., 1977; Garrick et al., 1989) . All GAIN estimates suggest that cattle can be selected for increased postweaning gains and yearling weights and that genetic progress can be made.
A large, positive correlation between direct BTHW and direct WW (rBW) was observable across all breeds. This was in agreement with reported rBw correlation estimates using Hereford and Brangus cattle (Kriese et al., 1991) and Simmental cattle (Garrick et al., 1989) and with other reports (Woldehawariat et al., 1977) . However, Quass et al. (1985) and Bourdon and Brinks (1986) found only a small, positive genetic correlation between birth weight and weaning weight in Hereford and Simmental cattle, respectively. Thus, when selecting for increased weaning weights in Brahman and Brahmanderivative cattle, birth weights should be monitored or dystocia problems could arise. bCo(variauce) are on the fmt two lines of each trait, heritabilities and correlations are on the next two lines for BTHW and WW. Variances and heritabilities are on the diagonals of each 2 x 2 celL v = rows of (co)variances, h = rows of heritabilities and correlations. GAJN lines contain additive (co)variance, haitability and correlation estimates.
' A = additive; M = maternal.
Also, large, positive genetic correlations were present between direct WW and direct GAIN (rwG) in the Beefmaster, Brahman, and Brangus populations. This is in agreement with most previous estimates. However, a negative rwG (-.ll) was present in the Santa Gertrudis population. This seems contradictory to current theory, which indicates that genes controlling weaning weight growth also affect postweaning growth patterns. Neville et al. (1984a,b) conducted a study that included grade Angus, Polled Hereford, and Santa Gertrudis dams mated to purebred sires of the same breeds. The calves from the grade Santa Gertrudis dams mated to the purebred Santa Gertrudis sires weighed significantly more at birth and weaning and had the highest preweaning ADG in the study. However, this advantage did not carry over to the postweaning phase. Additionally, the Santa Gertrudis data were previously analyzed with 2,090 GAIN records and 15,290 WW records. The previous analysis represented the NCE data bank available at the end of the previous year (1988) . As in this current analysis, the rwG was negative but larger in magnitude. With this move toward zero for the Santa Gertrudis rwG, it is probable that the rwG is not negative in the Santa Gertrudis breed. The current negative correlation between weaning weight and gain may be caused by a small sample size, coupled with a possible selection bias in the records that were reported. Often not all animals contained in a weaning contemporary group will have a reported postweaning gain record. This may result in an inaccurate representation of the breed population.
The environmental correlation between WW and GAIN was negative for all breeds (Table 5) , which is in agreement with the finding of Garrick et al. (1989) . This negative correlation may be due to compensatory gain effects. The environmental correlation between BTHW and GAIN varied greatly between breeds. Estimates ranged from -.06 to .18. Using Hereford and Brangus bull records, moderate, positive correlations have been reported between BTHW and GAIN (Kriese et al., 1991) . However, a small, positive correlation between BTHW and GAIN was reported in Simmental cattle (Garrick et al., 1989) . Interpretations of these environmental correlations should be made with caution because the method used to estimate environmental correlations is not free of selection bias (Bertrand and Kriese, 1990) . However, no environmental correlation was substantially different from literature reports. Thus, Brahman and Brahman-derivative cattle should respond to environmental factors similarly to Bos taurus cattle.
Sheath and Navel Score. Bull and heifer records were analyzed separately because reproduction is intrinsically linked to the sheath, but a relationship between reproduction and navel shape is currently unclear. Also, previous work showed that reranking of sires (Spearman correlation = .52) occurred among sheath and navel score expected progeny differences when sires had both male and female progeny (Kriese et al., 1988) . In an additional study, the genetic correlation between weaning sheath and navel score was estimated from bulls having both male and female progeny in the same contemporary group (unpublished data). The genetic correlation was .51, which indicates that many of the same genes control both weaning sheath and navel score but also suggests that weanhg sheath and navel scores are not identical traits in males and females. Table 6 provides the number of weaning sheath and navel observations in each score classification. The data seem to follow a normal distribution. There were a total of 19,820 weaning sheath scores analyzed. These records represented 2,187 WCG, 2,933 MGS, and 2,044 sires. The h2A estimate for weaning sheath score was 21; h2M was .w. The genetic correlation between the additive and maternal effects was -.39. For the weaning navel score analysis, there were 11,560 records from 1,389 WCG, representing 2,012 MGS and 1,222 sires. The h2A and h2M estimates for weaning navel score were .21 and .07, respectively. Again, the genetic correlation between additive and maternal effects was large and negative (-S3). Franke and Burns (1985) measured Brahman bull and heifer weaning sheath area and found a heritability estimate of .45. Our study indicates that both weaning sheath and navel score are under a moderate amount of additive genetic control and that improvement can be obtained for the sue and shape of the sheath or navel. However, there does not seem to be much maternal control of these traits. Exactly what the large, negative correlation between the direct and maternal effects indicates for both traits is unclear. It could indicate that the uterus influences the shape and size of the calf's sheath and navel areas during gestation.
Implications
This study was conducted to characterize four breeds of Brahman and Brahman-derivative cattle in terms of genetic and environmental parameters for growth traits. There do not seem to be any genetic parameters contradictory to traditional Bos taurus estimates, although the maternal portion of variation may play a more important role in Brahman and Brahman-derivative cattle. The large, negative genetic correlations for direct growth and maternal portions of variation between and within traits must be considered when selecting within these cattle. Selection for extreme growth or maternal ability could be detrimental for the other trait if it is not monitored because of the antagonistic correlation present between direct and maternal portions of variation. Environmental correlations were of the same direction and magnitude as other reported estimates, indicating that Brahman and Brahmanderivative cattle re- 
